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Introduction

he California Alternative Fuel Vehicle Partnership is a coalition of private companies;

automobile makers; fuel providers; and federal, state and local government agencies that

have banded together to support the introduction and commercialization of clean, alternative

fuels and vehicles that use those fuels. The partnership is a means by which to share information
with fleets and fleet managers who are required by law (or who desire) to purchase alternative fuel vehicles before
the end of the decade. It is also a channel to inform and educate the general public and California drivers about
the various clean, alternative fuels that are available today and in the future. The founding sponsors include:

California Energy Commission (partnership chair)

California Department of Transportation

California Department of General Services, Office of Fleet Administration
California Electric Transportation Coalition

California Natural Gas Vehicle Coalition

Regional Clean Air Coalitions

Sacramento Metropolitan Air Quality Management District

South Coast Air Quality Management District

U.S. Department of Energy

U.S. General Services Administration

This report was prepared by California Energy Commission Information Officer Bob Aldrich with input
from various sponsoring members. The Commission is the state’s primary energy policy and planning agency
and has been involved in the testing and demonstrating of alternative transportation fuels since 1978. As part of
the state’s energy policy, the Commission supports the use of clean, alternative fuels to reduce our state’s dependence
on petroleum and to improve air quality.

The Energy Commission has been involved in all areas of transportation fuel research, development,
demonstration and commercialization. It has worked with automobile and heavy-duty vehicle and engine
manufacturers to advance the state-of-the-art of alternative fuel technology. By doing so, California continues its
international leadership in alternative energy and helps create economic advantages for our state.

Acknowledgements

Thanks go to Bill Blackburn, Claudia Chandler, Sue de Witt, Martha Dixon, Dan Fong, Sue Foster, Jackie
Goodwin, Ken Koyama, Cece Martin, Jerry Martin, John Moore, Susan Patterson, Gail Seymour, Cindy Sullivan,
Jonathan Teague, Greg Vlasek, Peter Ward and Jerry Wiens for their assistance in putting this report together.
Comments, corrections or updates should be mailed to Bob Aldrich, California Energy Commission, 1516
Ninth Street MS-29, Sacramento, CA 95814. This report is also available on the Internet at the Commission’s
web site: http://www.energy.ca.gov/energy/
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Chapter 1

An Overview of Alternative Fuel Vehicles

What Are
Alternative Fuel Vehicles?

Alternative Fuel Vehicles (AFVs) are vehicles that
run on fuels other than petroleum products. They have
been with us in one form or another for more than
one-hundred years. Only recently, however, have they
become more commonplace.

According to the definition in federal law,
alternative fuels include:

« Alcohol fuels such as methanol (methyl
alcohol), denatured ethanol (ethyl
alcohol) and other alcohols, in pure form
(called “neat” alcohols) or in mixtures of
85 percent by volume (and mixed with
up to 15 percent unleaded regular
gasoline — M85 and E85) or more

e Compressed natural gas (CNG)
 Electricity

e Hydrogen

 Liquefied natural gas (LNG)
 Liquefied petroleum gas (LPG)
e Coal-derived liquid fuels

« Fuels other than alcohols derived from
biological materials: like soy bean,
rapeseed or other vegetable oil-based fuels

These fuels are described more completely in the
chapters that follow.

Vehicles using these fuels can be either original
equipment manufactured (OEM) vehicles made by
auto companies or conversions.

Before the introduction of gasoline as a motor fuel
in the late 1800s, vehicles were often powered by what
are now considered alternative fuels. For example,
illuminating or coal gas (a form of methane or natural
gas) was used in early prototype internal combustion
vehicles in the 1860s. Electricity, stored in lead acid
batteries, was a popular energy source for vehicles from
as early as the 1830s until the 1920s. In the 1880s,
Henry Ford built one of his first automobiles and fueled

it on ethanol, which was often called “farm alcohol”
because it was made from corn. His early Model Ts
were designed with an adjustable carburetor to allow
them to run on alcohol fuel. Liquefied petroleum gas
(commonly called propane) has been used as a
transportation fuel for more than 60 years.

In those early years of the horseless carriage,
naturally formed gasoline was expensive and often sold
by the pint in pharmacies; it was also used as a cleaning
solvent. New petroleum refining technologies (thermal
cracking and eventually catalytic cracking), however,
produced gasoline inexpensively; and gasoline, because
of its high energy content, became the fuel of choice
for internal combustion engines.

Now many of these “alternatives” to gasoline are
returning to the transportation fuel market, driven by
state and federal government mandates for cleaner
alternatives to gasoline and diesel. Alternative fuels are
needed for two main reasons: energy security and air
quality.

Why AFVs Are Important

California’s transportation system is vital to the
state’s economy, but our gasoline- and diesel-fueled
cars, buses and trucks are also our greatest source of
air pollution. As oil prices have dropped throughout
the world, as the number of registered vehicles has
increased and because we often live farther away from
our work, Californians are driving more today than
we did just five years ago. Couple the increased use of
petroleum products, the sheer number of vehicles on
the road and California’s geography and you have the
perfect recipe for air pollution. California’s cities and
countrysidare frequently blanketed by smog.

To attack California’s air quality problem and as a
response to the oil crises of the 1970s, three Governors,
the Legislature, the California Energy Commission,
the Air Resources Board and other California public
agencies assumed a national leadership role and
committed to fuel diversity with cleaner, alternative
fuels and a market for the vehicles that use those fuels.

Working with automakers, fuel producers and
utility companies, air quality districts, and the private
and public sector, California is making progress toward

The ABCs of AFVs — A Guide to Alternative Fuel Vehicles

Page —9



1989 1990

California Vehicle Statistics

1991

1992 1993 1994

Total Registered
Vehicles

22,367,821| 22,678,552 22,957,474] 22,793,908 | 22,982,288 22,843,141

Vehicle Miles
of Travel
(in millions of miles)

134,371 139,209

139,680

141,686 142,343 144,141

Taxable

Gasoline

Sales

(millions of gallons,
excluding aviation fuel)

13,206 13,377

13,161

13,064 13,202 13,262

achieving a truly diverse transportation landscape —
one that will provide the consumer competitive choices
in transportation technology, fuels and fueling options,
while meeting California’s increasingly stringent clean
air goals.

These choices will include not only reformulated
gasoline (a cleaner-burning gasoline that uses
oxygenates to assist in more complete combustion) and
clean diesel to fuel our transportation but also electric-
, ethanol-, methanol-, natural gas- and propane-
powered vehicles, each playing their own role in
diversifying our transportation fuels.

The use of alternative fuels for transportation can
have a tremendously positive impact on California’s
economy. Using alternative fuels can help stop the
outflow of jobs and dollars caused by buying oil
produced outside of our state.

California produces only 45 percent of the oil it
consumes. About 51 percent comes from Alaskan oil
fields; the remaining four percent comes from foreign
sources (mostly Indonesia). This will change as
California’s and Alaska’s oil production decreases. The
Energy Commission’s 1993 Fuels Report estimates that
Alaskas oil production will decline six percent between
1992 and the year 2000. Production from 2000 to
2015 will decline more sharply, 15 percent per year.
California’s production is also expected to shrink.
Foreign sources of crude oil will be relied upon more
heavily in the future unless alternatives are found to
replace this loss of domestically-produced fuel.

Alternative Fuels Are Cleaner

Alternative fuels are inherently cleaner than gasoline
because they are chemically less complex than gasoline,
and when oxidized or burned, they burn “cleaner” with
fewer emissions.

Consider the following chemical equations for
various fuels:

Ethanol - CH,CH,OH

Methanol - CH,OH

Natural Gas (Methane) - CH,

Propane — C,H,

Gasoline’s Octane Molecule - C,H.,

(one of the many component molecules
found in gasoline)

It can be seen just on this very simple level that
these molecules are less complex. The longer and the
more chemically complex a molecule is, the less likely
it is to be completely burned. This incomplete
combustion of the molecule in an internal combustion
engine releases carbon monoxide, nitrogen oxide and
other molecules in the exhaust. Alternative fuels,

Page — 10
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because of the simplier chemical make up, release fewer
emissions from incomplete combustion. The fact that
alternatives are cleaner can be proven by the actual use
of the fuel in a motor vehicle and running emissions
testing. In addition, alternative fuels evaporate less
readily than gasoline does. This evaporation from a
car's fuel tank also contributes to our smog.

It is important, however, to recognize that use of
alternative fuels doesn't automatically yield emission
benefits. With more stringent vehicle tailpipe emission
standards, cleaner-burning gasoline, better emission
controls on vehicles, etc., alternative fuels face an
increasing challenge to demonstrate actual emission
advantages over gasoline.

Electric vehicles, which have no internal
combustion engine, offer an even better alternative
because they do not burn a fuel. Their only sources of
“pollution” are the power plants that create the
electricity, which can also be regulated more closely
for their sources of pollution. But electric have a trade
off in range and longevity of their batteries that may
be unacceptable to some consumers.

Emission Characteristics
of Alternative Fuels

From 1992 to 1994, one of the most comprehensive
side-by-side studies of alternative fuels was conducted

Alaska
51%

ction \
45%

k-
>, Produ

Foreign
4%

California’s Sources of Oil 1994

by Battelle Memorial Institute on vehicles in Southern
California. The CleanFleet Project, or the South Coast
Alternative Fuels Demonstration Project, tested six
fuelsin 111 Federal Express delivery vans, which drove
more than three million miles during the two-year
study. The study used Chevrolet, Dodge and Ford vans
that were similar in characteristics and in usage.

Emission results from the study indicate that all
five of the fuels: compressed natural gas, electricity,
methanol, propane and reformulated (ARB Phase 2)
gasoline bested regular gasoline in nearly all emissions.
(Ethanol was not used in this test because of its limited
availability in California.) Vans fueled with regular
unleaded gasoline were used as a control group by
which the other fuels were compared.

The alternative fuels had less emissions than regular
gasoline and were better than reformulated gasoline.
Use of compressed natural gas showed carbon
monoxide (CO) levels of 65 to 76 percent less than
regular gasoline. Ozone reactivity for CNG was 89 to
96 percent cleaner than gasoline. Methanol vehicles
had 37 percent less CO emissions than gasoline and
up to 56 percent less ozone reactivity. Propane-powered
vehicles had 43 to 46 percent less CO and 57 to 61
percent better ozone reactivity. Reformulated Phase 2
gasoline was also cleaner with 13 to 17 percent less
CO on two types of vans (it was, however, one percent
worse than regular unleaded gasoline on Ford vans).
RFG’s ozone reactivity was 12 to 38 percent cleaner
than regular unleaded gasoline. The study also included
two electric vehicles.

The CleanFleet Project used vehicles with the best
technology for the time (1992 model year vehicles),
and future emission results with newer technologies
are expected to be even better as these technologies
advance and mature.

Energy Content
of Alternative Fuels

Petroleum-based fuels (gasoline and diesel) offer
excellent energy content by volume. By comparison,
alternative fuels have less energy density. Hence, the
fuels may have less mileage on a gallon to gallon basis
than gasoline. On the next page is a chart that compares
the energy density of the various fuels.

The ABCs of AFVs — A Guide to Alternative Fuel Vehicles
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CleanFleet Emissions
(Percent Cleaner Than Regular Unleaded Gasoline)

89 - 96%
CNG 65 - 79% ]
710 525 )
57 to 61%
LPG
43 to 46% [ ]
| -48% to 64%
M85 56%
37% |
18% I
RFG
12 to 38%
[ -1%to 17%
\ -9% to 5% | : | |
i . . | .
Percent 20% 40% 60% 80%
Different From Better Better Better Better
Gasoline

Emissions - Ozone E Carbon E Nitrogen

Reactivity Monoxide Oxides

Note: Range of percentage is because of different types of vehicles being used in the test — Chevrolet, Dodge and Ford.

Comparison of Fuel Energy Content

Fuel Pressure Btu/gal. Ratio of Energy Content
Compared to Gasoline*

Diesel 129,000 0.89t01

Gasoline 115,400 1.00t01

E85 105,545 1.09t01

Propane 84,000 1.40t01

Ethanol 75,000 1.54t01

LNG 73,500 157t01

M85 65,350 1.77t01

Methanol 56,500 2.04101

CNG @ 5845 psi 56,500 2.04t01

Liquid Hydrogen 34,000 3.39101

CNG @ 3000 psi 29,000 3.98t01

Hydrogen @ 3000 psi 9,667 11.94t01

* Note: These ratios do not reflect actual “in-use substitution ratios” due to engine inefficiences.
(For example, some early model FFVs using M85 had a ratio of 1.64 gallons of M85 to drive the same
distance as one gallon of gasoline.
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History of California’s Involvement in
Clean Alternative Fuel Vehicle Development

California has been at the forefront of developing clean, alternative fuels and vehicles. Since 1978, the state
Energy Commission has worked with auto makers, fuel providers and utility companies, universities and research
institutes, and research and development companies to advance the state-of-the art in alternative and efficient
vehicles. In this endeavor, California has committed more than $130 million toward alternative fuels and vehicles.
Most of this money has come from fines paid by oil companies from settlement of lawsuits for over-charging
consumers at the pumps during the oil crises of the 1970s. The programs the Commission haves undertaken
cover all aspects of vehicle and engine technologies.

1978

1980

1981

1983

1986

1987

California Begins Its AFVs Program — Energy Commission begins its first alternative fuel vehicle
demonstration program. Honda CVVCCs used a gasoline blended with ethanol and methanol in side-by-
side test program. Early national emphasis was on domestic coal-derived synthetic fuels: shale oil, gasoline,
methanol, hydrogen. Goals were for alternative fuels to be able to displace oil and meet California emissions
standards.

Ford Pintos were used to continue testing ethanol and methanol blends with gasoline.

Commission creates a methanol demonstration fleet with Ford Motor Company and put a limited number
of test methanol-powered Ford Escorts in the County of Los Angeles fleet in 1981 and 1982. Volkswagen
Rabbits, factory-built to run on ethanol and methanol were delivered in late 1981 to be added to the
program.

Commission funds the first two transit buses in country to run on methanol. The buses, named Methanol
1 and Methanol 2, operated in commuter service between Marin County and City of San Francisco.

500 “dedicated” methanol-powered Ford Escorts put into state and local government fleets. Vehicles
gained 20 million miles of on-road experience. The fuel showed a 50% to 80% emission reduction potential.
A handful of these vehicles were still in service in various city and county fleets in the early 1990s.

Commission’s Energy Technologies Advancement Program funds the retrofit of three diesel engines to
methanol fuel in a $1.8 million project. Engines used in Riverside Transit Agency buses.

Commission begins its Heavy-Duty Truck Demonstration Program with $700,000, augmented by
additional funds later. This joint project was done with South Coast Air Quality Management District
and five engine manufacturers: Caterpillar, Cummins, Detroit Diesel, Ford and Navistar. Vehicles placed
at eight host sites included: water delivery truck, refuse haulers, dump trucks, sludge hauler, tractor/
trailers and line truck.

Assembly Bill 234 directs the Energy Commission to study and report back to the Legislature on the cost
and availability of low-emission fuels and vehicles.

Ford announces Flexible Fuel Vehicle (FFV) technology — allows vehicles to run on methanol OR gasoline
from a single tank. Ford produces Crown Victoria FFVs for demonstration fleet. A total of 217 Crown
Victoria FFVs built between 1987 and 1989.

The ABCs of AFVs — A Guide to Alternative Fuel Vehicles Page — 13



1988

1989

1990

Commission’s ETAP project funds development of a hybrid electric vehicle. The $404,000 project done
with Electric Auto Association and Stanford University. It converted a Chevrolet Corsica to a hybrid EV
with gasoline-powered generator.

Safe School Bus Program is created by Assembly Bill 35, authored by Assemblyman Richard Katz. The
program provides $100 million program in three phases to replace buses built prior to 1977 Federal
Motor Vehicle Safety Standards. A minimum of 35% of vehicles must be powered by fuels other than
petroleum-based. The three phases include:

Phase 1 — 14 school districts and consortia are involved; 163 buses purchased: 103 advanced diesel, 50
methanol, 10 compressed natural gas. Buses delivered in 1989.

Phase 2 — 47 school districts and consortia are involved; 400 buses purchased: 200 advanced diesel, 100
methanol, 100 compressed natural gas. Buses delivered by fall of 1993.

Phase 3 — 218 CNG, advanced diesel and electric school buses, built by Blue Bird Bus Company will be
split among XXX school districts and transportation consortia. Delivery of the buses will
begin in June 1996.

GM announces its own Variable Fuel Vehicle (running on M85) and builds 20 Chevrolet Corsica Variable
Fuel Vehicles for use in State of California and air district fleets in demonstration programs.

1988 Alternative Motor Fuels Act passes Congress. It establishes Corporate Average Fuel Economy credits
for AFVs produced by auto companies.

Energy Commission establishes California Fuel Methanol Reserve. ARCO signs agreement with Energy
Commission to establish M85 fueling stations at a number of its gasoline stations. Other oil companies
follow: Chevron, Exxon, Mobil, Shell, Texaco and Ultramar. Commission signs contracts for 83 M85
facilities in California for ten-year demonstration program. (First M85 station dedicated in June1989 by
then-Vice-President George Bush in Los Angeles.)

Commission funds ETAP project to develop medium-duty natural gas engine for UPS step-van in a $1.5
million project done with Acurex Corporation, Mountain View, Calif.

ARCO announces its first Reformulated Gasolines — EC1, EC Premium and eventually ECX. In 1990,
ARCO says its ECX will be as clean as M85.

Chevrolet delivers first of its Lumina Variable Fuel Vehicles to the Energy Commission. Eventually 265 of
the Lumina VFVs are delivered to fleets in 1990. GM announces it will sell up to 2,000 Lumina VFVs in
1992.

Ford delivers 250 — 1991 Model Year Taurus Flexible Fuel Vehicles for demonstration in government/
private fleets and produces 183 Econoline Van FFVs for 1992.

Clean Air Act passed by Congress: Establishes California Pilot Program requiring 150,000 clean fuel
vehicles a year for California by 1996, increasing to 300,000 a year by 1999. Vehicles can run on reformulated
gasoline (one of the federally-designated “clean” fuels). Allows other states to adopt California’s LEV
emission standards.
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1991

1992

1993

California Air Resources Board Low Emission Vehicle and Clean Fuel Availability Regulations adopted
September 1990. Requires ZEVs to be offered for sale in 1998.

Chrysler, with the Commission at its news conference, announces it will produce up to 2,500 Plymouth
Acclaims and Dodge Spirits FFVs to run on methanol in 1992 Model Year. They offer the flexible fuel
option at no extra cost above a gasoline vehicle. Other auto companies follow suit.

Commission’s Electric Vehicle Demonstration Program begun in partnership with Pacific Gas and Electric
Company. The project will demonstrate three Conceptor G-Van EVs in a three-year program. Vans used
by Cities of Oakland and Santa Rosa for mail delivery and in Yosemite National Park. Total of $60,000
from Commission and $60,000 from PG&E.

Advanced Technology EV Demo Program announced by the Commission. Contract Opportunity Notice
sent to 250 manufacturers of EVs, hybrids, developers and others, with responses received from 20
companies. Four companies chosen that met performance specifications, and a total of $692,000 from
Commission plus money from air districts and other governmental agencies was devoted to the projects.
These included:

Chrysler TEVan - Four purchased with either Nickel-Cadmium or Nickel-1ron batteries
Ford Ecostar - Seven purchased with Sodium Sulfur batteries

Solectria Force - Four purchased with Advanced Lead-Acid

Volkswagen Jetta/Golf EV - VW decides later to withdraw

[ o |

Commission co-funds CALSTART. The consortium is made up of aerospace, auto, electronic and computer
companies; universities and colleges; and government agencies — more than 80 members. A total of $2
million was committed by the California Energy Commission to match $4 million in federal support and
more than $20 million in private capital. The consortium’s goal is to establish an advanced transportation
technologies industry in California. CALSTART produces a Showcase EV (using components from
California companies) for display at international auto shows and other projects.

Light-Duty Natural Gas Vehicle Demonstration Program: Commission pays for half of differential cost
of equipping 100 GMC and Chevrolet 1992 model year 3/4-ton dedicated natural gas pickup trucks.
They were placed into service in ten fleets around the state (out of about 200 NGV trucks sold). The five-
year demonstration program ended early, however, after all trucks were recalled in 1994 due to poor
CNG cylinder design following two tank ruptures (San Francisco and Minnesota).

Project with Vons Companies Inc. (California’s largest supermarket company), Ford, National Renewable
Energy Laboratory, SoCal Gas, SCAQMD places a heavy-duty natural gas-powered truck on the road.
The project uses a Ford LTLA-9000 “Aeromax” tractor with Caterpillar G3406 engine. Pulled trailer
between El Monte and Bakersfield over the “Grapevine” and the 4,183-foot Téjon Pass. It is the country’s
first long-haul CNG-fueled truck with an OEM engine.

NGV Demonstration Program — Cost-sharing with utility companies to purchase equipment for 40
vehicles. Vehicles placed with: City of Ontario — five B-350 Dodge RAM Vans for rideshare program;
County of Sacramento — five GMC Sierra pickup trucks for County Dept. of Public Works; and VPSI
Commuter Vanpools — 30 Dodge B-350 RAM Vans for use in Orange County.
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. Commission creates the Transportation Energy Technologies Advancement Program (TETAP) and funds
research by California companies in a number of areas. Including:

O $66,666 toward medium-duty CNG engine for delivery vehicles with Aucurex Environmental in
Mountainview, Calif.

0 SMUD Advanced Flywheel Project: $4 million project with American Flywheel & Honeywell
Systems.

O CALSTART Electric School Bus: $1 million project to retrofit two diesel buses to electricity and
build one “ground-up” bus.

O Hughes Electric Shuttle Bus: $580,000 project to place an advanced 30-foot EV bus at LAX. The
project was later withdrawn by Hughes.

O GM Impact PrEView Program: $500,000 from Energy Commission toward program that will
“loan” GM Impacts to 1,000 drivers around U.S. for two to four weeks. Delivery of first group of
Impacts was in Los Angeles, June 23, 1994. Cars will be tested in L.A., Sacramento, San Diego and
San Francisco and eight other cities across country.

0 Cummins Engine: $977,000 project to develop advanced turbocharger for a diesel engine.

. Commission Diesel Emission Reduction Fund Program begins using fine money collected from polluting
heavy-duty vehicles. Projects funded in this first year include:

O Cal State Fresno, $19,672 — using water injection to clean diesel exhaust
O Cummins Engine, $480,000 project — development of low-cost particulate trap

. CE - CERT Advanced Transportation Research & Testing: Energy Commission gives $1,400,000 toward
University of California, Riverside’s College of Engineering — Center for Environmental Research and
Technology (CE — CERT). CE-CERT is a $125 million research center also funded by Energy Commission,
technology reinvestment funds, U.S. Department of Energy, auto industry, etc. Its primary research areas
include: atmospheric processes, vehicle emissions, environmental modeling, transportation systems,
advanced vehicle engineering, renewable fuels, manufacturing processes and stationary source emissions.

1994

. Alternative Fuel Vehicle Demonstration Program in Yosemite National Park created by Senate Bill 314,
authored by State Senator Dan McCorquodale. In cooperation with National Park Service, Caltrans, local
transit companies and Pacific Gas and Electric Company, the Energy Commission awards $640,000 for
projects in the park:

O  Yosemite Electric Bus Program: Park’s concessionaire operates ten diesel powered buses in Yosemite
Valley, carrying three million visitors a year. The program replaces diesel buses with electric buses.
In 1995, three or four electric buses to be put into service in a three-year demonstration program.
Total Cost: $1.47 million ($500,000 from Commission).

O Yosemite Natural Gas Tourist & Transit Buses: VIA Adventures undertakes a $350,000 project to
convert up to four buses to compressed natural gas. These buses provide daily transit service from
San Joaquin Valley and Amtrak connector service to Yosemite. California Yosemite Tours does a
$775,000 project to covert five transit buses to CNG for daily transit service from Fresno to Yosemite
and Sequoia /Kings Canyon.

. Commission TETAP funds six more projects:

Amerigon — Advanced Heating/Cooling System for EVs - $675,000 project.

APS Systems — Advanced EV Shuttle & Paratransit Buses - $440,000 project.
CALSTART - Hybrid EV / Natural Gas, 40-foot Transit Bus - $1.1 million project.
Pinnacle Research Institute — Ultra-Capacitor for EVs and Hybrids - $690,000 project

I I
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O U.S. Electricar — Conversion to electricity of Grumman “Long Life” U.S. Postal Service Delivery
Trucks - $855,000 project with six Post Office EVs split between Torrance, California, and USPS
Headquarters in Merrifield, Virginia.

O Dyna-Cam - $607,569 toward development of 210 hp Dyna-Cam Aero Engine to run on compress
natural gas. Project suspended in late 1994.

. Medium-Duty NGV Program - $600,000 from Commission and $174,000 from natural gas utilities
(PG&E, SoCal Gas, SDG&E, Long Beach Gas) funds 54 natural gas vehicles in diverse range of uses:
package delivery trucks, dump trucks, shuttle buses, “trolley” buses, tow truck, utility crew trucks. Ten
public and private fleets participating, including: Cities of Chula Vista, Long Beach, Ontario and Whittier;
Monterey County; Sacramento Metro Airport; United Parcel Service of Los Angeles; Dydee Diaper; Center
City Towing in San Diego.

. 1994 demo project with The Los Angeles Times/Times Mirror Company, SCAQMD, SoCal Gas, National
Renewable Energy Laboratory (NREL), American Trucking Association Foundation (ATAF) to demo a
heavy-duty natural gas truck. The project uses a Ford LTLA-9000 “Aeromax” tractor using Detroit Diesel
Corporation Series 60-G, 370 horsepower engine using CNG. The truck travels an interurban route
between Orange County and downtown L.A.

. Project with Los Angeles County Sanitation District, SCAQMD, SoCal Gas, NREL and ATAF to demo
a heavy-duty natural gas truck. The truck is a Freightliner tractor using Detroit Diesel Corporation Series
60-G 370 horsepower engine. The vehicle will be powered by Cleaned Landfill Gas (or CLG, which is
mostly methane given off by decomposition at landfills).

. Diesel Emission Reduction Fund: two projects funded

O CeraMem Corp., $300,000 project — Exhaust Gas Recirculation and particulate filter
00 Southwest Research Institute, $1 million project — Direct and indirect injection systems

1995 For information about Commission programs in 1995, please contact the Commission’s Transportation
Technology and Fuels Office at (916) 654-4634.

1996

. March 29, 1996: California Air Resources Board modifies its Zero-Emission Vehicle mandates, scraping
its 1990 regulation that required phase-in of ZEVs from 1998 to 2003. Instead, auto companies will
voluntarily introduce ZEVs from 1998 to 2002. In model year 2003, 10 percent of all vehicles offered for
sale by the major auto companies will have to be ZEVs.

For information about Commission programs in 1996 and beyond, please contact the Commission’s
Transportation Technology and Fuels Office at (916) 654-4634.
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Deciding Which Fuels Are BestFor You or Your Fleet

When determining what type(s) of fuels to use, private vehicle owners and fleet managers should weigh all
the factors: economics; which models are available; rebates and incentives offered by auto companies, government
and utilities; ease of refueling; whether you'll install a fueling facility on your own property; whether to have a
dedicated vehicle or a bi-fuel vehicle; distances cars will need to travel; trade-in value; maintenance; etc. One
fuel might be perfect for one application, but that same fuel might not be good for another.

This booklet will help you with the basic information on each of the different fuels. If you need additional
general help in determining what kind of alternative fuel vehicle you should purchase please contact the following.
There are listings at the end of each chapter for specific contacts on various fuels.

General Information

California Energy Commission
Transportation Technology & Fuels Office
1516 Ninth Street, MS-41

Sacramento, CA 95814

(916) 654-4634

Compressed Natural Gas
California NGV Coalition
925 L Street, Suite 1485
Sacramento, CA 95814
(916) 448-5036

Electric Vehicles

California Electric Transportation Coalition
925 L Street, Suite 1490

Sacramento, CA 95814

(916) 552-7070

Ethanol-Powered Vehicles
California Renewable Fuels Council
3304 Yorba Linda Blvd., Suite 249
Fullerton, CA 92631

(714) 996-6540

Propane-Powered Vehicles
Propane Vehicle Council

2102 Business Center Drive, Suite 130
Irvine, CA 92714

(714) 253-5757

General Information

National Alternative Fuels Hotline
P.O.Box 12316

Arlington, VA 22209
(800)423-1DOE (1363)
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Chapter 2

Laws, Regulations and Requirements
Affecting Alternative Fuel Vehicles

There are three main laws and regulations that relate
to alternative fuels and the vehicles that use those fuels:
the federal 1990 Clean Air Act Amendments, the 1992
National Energy Policy Act, and the 1990 California
Air Resources Board’s Low Emission Vehicle
Requirements (amended in March 1996). Additional
regulations that may affect businesses and fleets have
been approved at state and local levels by the
Legislature, various air quality districts and the
Governor Pete Wilson's Executive Order of 1994. This
chapter will look at the policies and also at incentives
offered for Alternative Fuel Vehicles.

Federal Laws

The Clean Air Act Amendments (CAAA) of 1990
(Public Law 101-549) was passed by Congress to
amend the original Clean Air Act passed 20 years
earlier. The Amendments include provisions that
require gasoline refiners to reformulate their gasolines
to meet more stringent emission standards. In cities
that do not meet federal air quality requirements set
forth in the 1990 Amendments, gasolines must be
reformulated during certain months, when carbon
monoxide and ozone pollution are most serious. The
regulations also require certain fleet operators to use
clean fuel vehiclesin 22 metropolitan areas nationwide.
The clean fuels included reformulated gasoline and
many alternative fuels.

The CAAA also established the California Pilot
Program requiring 150,000 clean fuel vehicles a year
for California by 1996, increasing to 300,000 a year
by 1999. Vehicles can use reformulated gasoline (one
of the federally-designated “clean” fuels). The law
allowed other states to adopt California’s Low
Emission Vehicle standards.

Prior to the CAAA, Congress passed the Alternative
Motor Fuels Act of 1988 — AMFA (Public Law 100-
494), which encouraged the development, production
and demonstration of alternative motor fuels and
alternative fuel vehicles. That law, however, did not
affect fleets. It did establish Corporate Average Fuel
Economy (CAFE) credits for auto companies
producing AFVs.

The National Energy Policy Act of 1992 (EPAct)
is Public Law 102-486. The broad-ranging act was
signed into law by President Bush on October 24,
1992. Several titles deal with alternative transportation
fuels. For alternative transportation fuels, EPAct:

e Accelerates the purchase requirements for
alternative fuel vehicles by the federal
fleet. The numbers were increased further
by Executive Order12844 signed by
President Clinton (see footnotes on
page 16).

* Proposes a cap on credits that auto
manufacturers can earn by producing
dual-fuel and flexible fuel vehicles

» Requires fleets in large urban areas to
purchase not only clean fuel vehicles but
vehicles that use alternative fuels

EPAct also establishes tax incentives for purchase
of alternative fuel vehicles and conversion of
conventional gasoline vehicles to alternative fuels by
the private sector. The chart on the following pages
gives a comparison between the major provisions of
the two federal laws.

California Regulations

California’s geography, climate and number of
vehicles create California’s unique smog problems.
Major urban areas of the state are surrounded by
mountains that trap pollution in stagnant air. Persistent
stagnant weather conditions during much of the year
not only prevent pollution from dispersing in the
atmosphere, but also increase the amount of time
pollutant gases are exposed to sunlight, which prompts
the chemical reactions that create smog.

In September 1988, Governor George Deukmejian
signed the California Clean Air Act, Assembly Bill
2595, authored by Assemblyman Byron Sher. The Act
defined a framework for air quality planning and
regulations, establishing a new means for reaching
California’s air quality goals.

(Text continues on page 17.)
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Provision

Clean Air Act
Amendments of 1990

National Energy
Policy Act of 1992

Persons Affected

Public or private fleet owners or
operators with 10 or more vehicles
capable of being centrally fueled.
Note: California fleets are exempt.

“Persons” who own, operate, lease or
control at least 50 vehicles in the U.S.
(centrally fueled or capable of being
centrally fueled), primarily operated in a
Consolidated Metropolitan Statistical
Area (CMSA) with a 1980 population
of 250,000 or more.

Areas Affected

22 metropolitan areas with a 1980
populations of 250,000 or more and
designated by the U.S. EPA as in severe
or extreme non-attainment of either
ambient ozone or carbon monoxide
standards (See List A below).

Other areas may “opt-in” to the
program per state air quality attainment
strategy (no others areas have done so
through mid-1994).

More than 120 cities with a 1980
population of 250,000 or more (See
List B below for California cities.)

Fleet Definition

10 or more light-duty or heavy-duty
vehicles located in the affected area.

Fleets of 20 or more light-duty vehicles,
less than 8,500 pounds gross vehicle
weight capable of being centrally fueled
that are owned, operated, leased or
controlled by a government entity or by
another person who controls 50 or
more such vehicles.

Effective Dates

Begins in 1998 (See List C below.)

1993 (federal fleets

1997 (state fleets)

1997 (“fuel providers”)

1999 (municipal/private)

2002 (municipal/private by DOE rule)
(See List C below.)

Purchase Requirements

Clean Fuel Vehicle (CFV) Fleet
Program (See List C below).

There are requirements for federal,
state, fuel providers, municipal and
private fleets. (See List C below.)

Fuel Definition

Clean Fuels including:

» Methanol (M85)

« Ethanol (E85)

« Other alcohols

» Reformulated gasoline

« Clean Diesel

 Natural gas

« Liquefied petroleum gas (LPG)

Alternative Fuels including:

» Methanol

« Ethanol

« Other alcohols, separately or in
mixtures of 85% by volume or more
(but not less than 70% volume by rule)
with gasoline or other fuels

» Compressed natural gas (CNG)

* LPG

< Hydrogen

« “Coal-derived liquid fuels”

« Fuels derived from “biological
materials”
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Provision

Clean Air Act
Amendments of 1990

National Energy
Policy Act of 1992

Fuel Definition
(continued)

« Electricity

 “Any other power source” able to
meet California vehicle emissions
standards.

« Electricity

» Any other fuel “substantially not
petroleum” yielding “substantial
energy security benefits and
substantial environmental benefits.”
Reformulated gasoline may not be
used to meet EPAct requirements.

All buses initially in cities with
populations of 750,000 or more would
be operated on “clean fuels” (phased-in
starting in 1994).

Urban bus retrofit regulations are
effective beginning in 1995. They will
require buses to be retrofitted according
to a schedule and meet stricter
emissions standards, including a
minimum reduction in particulates of
25%, either on a per-vehicle or fleet
average basis.

Bus Retrofit Requirements
Effective in 1995, new emissions
requirements for rebuilt, heavy-duty
diesel-engine urban buses will be
applicable to model year 1993 or
earlier.

There is a 0.10 gram/bhp-hr
(maximum) particulate mater (PM)
emissions limit in cities with a
population of 750,000 or more.

Credits Provides credits for CFV fleets. Credits earned if AFVs are acquired in
(California fleets are not covered.) excess of minimum required or in
Emissions reduction credits available advance of date of requirement at the
for CFVs that are exempt from rate of one credit per vehicle.
requirements, purchased in advance or
requirement, or purchased in excess of Credits earned are transferable from
minimum requirement. one area to another.
Credits can be transferred, “banked” or
used to offset new sources within the
same non-attainment area.

Buses Bus Requirements Bus Demonstrations

Urban Buses: The Department of
Transportation (DOT) and
Department of Energy (DOE) shall
initiate cooperative ventures with local
governments with populations of
100,000 or more to demonstrate the
feasibility of commercializing the use
of alternative fuels.

School Buses: DOT may provide
financial assistance to local units of
government (in urban areas with
populations of 100,000 or more) to
cover the incremental costs of
operating and purchasing buses using
alternative fuels, including vehicle
conversions.

Off-Road Engines

US EPA is preparing to propose
regulations to control emissions (NOx
and PM) from heavy-duty (and other)
engines used in off-road applications,
including farm equipment, marine
engines and locomotives.

US DOE is required to “conduct a
study” to determine the effectiveness
of using alternative fuels in off-road
vehicles in “surface transportation”
such as rail, airport vehicles, marine
engines and others.
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Provision Clean Air Act National Energy
Amendments of 1990 Policy Act of 1992

Tax Incentives No provisions. Maximum tax deductions are provided
as follows for the incremental costs of
AFVs (including retrofits) and
refueling facilities placed in service
after June 30, 1993:

AFVs up to 10,000 Ib. gvw:
up to $2,000

AFVs 10,001 - 26,000 Ib. gvw:
up to $5,000

Trucks/Vans (over 26,000 Ib gvw):
$50,000

Buses with seating capacity of 20 or
more adults:
$50,000

Electric Vehicles:
10% tax credit up to $4,000/vehicle

AFV Refueling Facility:

$100,000
Biodiesel Study Study on “alcohol esters of rapeseed No provisions.
oil” concerning its “feasibility, engine
performance, emissions and
production capability.”
“Replacement Fuels” No provisions. The portion of a motor fuel that is

methanol, ethanol, or other alcohol,
CNG, LPG, hydrogen, coal-derived
liquid fuel, fuel “other than alcohol”
derived from “biological materials,”
electricity, and ethers.

U.S. DOE may determine by rule that
any other fuel that is “substantially not
petroleum” and yielding “substantial
energy security benefits and substantial
environmental benefits” will qualify as
a replacement fuel.

National Petroleum
Reduction Targets:

By 2000: 10% replacement
By 2010: 30% replacement
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List A

Areas Covered in Clean Air Act Amendments of 1990
(Clean-Fuel Vehicle Fleet Program)
California Cities/Regions in Bold

Los Angeles-Anaheim-Riverside, CA
Sacramento, CA
San Diego, CA
San Joaquin Valley, CA
Southeast Desert, CA
Ventura County, CA

Atlanta, GA
Baltimore, MD
Baton Rouge, LA
Beaumont-Port Arthur, TX
Chicago-Gary-Lake County, IL-IN-WI
Denver-Boulder, CO
El Paso, TX
Greater Connecticut, CT
Houston-Galveston-Brazoria, TX
Milwaukee-Racine, WI
New York-Long Island-Northern Jersey, NY-NJ
Philadelphia-Wilmington-Trenton, PA-DE-MD-NJ
Providence-Pawtuckett-Fall River, RI-MA
Springfield, MA
Washington, DC Area, MD-VA-DC

List B

EPAct—Affected Areas in California
Metropolitan Areas of California with a
1980 Population of 250,000 or More

Bakersfield Fresno

Los Angeles-Anaheim-Riverside Modesto

Sacramento Salinas-Seaside-Monterey

San Diego San Francisco-Oakland-San José
Santa Barbara-Santa Maria-Lompoc Stockton
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List C
Comparison of New AFV Purchase Requirements
For Affected Vehicle Fleets

Clean Air Act National Energy Policy Act of 1992

Year (% of CFVs) Federal State Fuel Provider Municipal Municipal
Percentages Do (% or # of AFVs) (% of AFVs) (% of AFVs) & Private & Private Y

Not Apply to Early Rule Late Rule

California Fleets (% of AFVs) (% of AFVs)

1993 5000/7,5007

1994 7500/11,250?

1995 10000/15,000?

1996 25%/17,5007  |10%/25%>%|  30%*

1997 33%/20,0007 | 15%/33%>%| 50%*

1998 30% 50%/30,000% | 25%/50%>%| 70%*

1999 50% 75%/40,0007 |50%/75%>%| 90%* 20%

2000 70% 75% 75%39 90% 20%

2001 100% 75% 75% 90% 20%

2002 100% 75% 75% 90% 30% 20%

2003 100% 75% 75% 90% 40% 40%

2004 100% 75% 75% 90% 50% 60%

2005 100% 75% 75% 90% 60% 70%

2006 100% 75% 75% 90% 70% 70%

1) Under the National Energy Policy Act, the U.S. Secretary of Energy has two opportunities to rule on AFV purchases
for private fleets. If a rulemaking is issued by December 16, 1996, then the percentages in the “early rule” column
apply. If a rulemaking is not issued until later (January 1, 2000, deadline), then the percentages in the “late rule”
column apply.

2) Federal fleet purchases were changed by Executive Order 12844 signed by President Bill Clinton in February 1993.
This increases federal purchases (if vehicles are available from auto companies) to 7,500 in 1993; 11,250 in 1994;
15,000 in 1995; 17,500 in 1996; 20,000 in 1997; 30,000 in 1998; and 40,000 in 1999. Purchase percentages are
based on about 50,000 vehicle acquisitions per year and vehicle turn-over/replacement after five years.

3) Percentage of AFVs required by State of California were increased by Executive Order No. W-100-94, signed by
Governor Pete Wilson on August 15, 1994. The Executive Order requires: 25% of vehicles purchased in 1996 be
AFVs; 33% be AFVs in 1997; 50% be AFVs in 1998; and 75% be AFVs in 1999 (if vehicles are available from
manufacturer and at a reasonable cost). The order also requires that 10 percent, inclusive, must be Ultra-Low Emission
Vehicles or Zero-Emission Vehicles in 1996 and beyond.

(Note: Both the Presidential and Governor’s Executive Orders are not fully binding in that vehicle acquisitions may be based
on cost and availability of AFVs, availability of funds, etc.)

4) In March 1996, The U.S. Department of Energy ruled that state and fuel providers will have an additional year to
begin purchasing AFVs, thus delaying implementation for these two groups until 1997.
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Under the act, the California Air Resources Board
(ARB) set new car standards of 0.4 grams/mile of
Nitrogen Oxides (NOXx) for passenger vehicles
beginning with the 1989 model year. In 1993, the
standards became more stringent, requiring
manufacturers to meet a 0.25 gram/mile standard for
hydrocarbons and 3.4 grams/mile for carbon monoxide
for all passenger vehicles and light-duty trucks (see
chart).

Because of the enormity of its air pollution
problems, California was allowed under the federal
Clean Air Act Amendments of 1990 to continue to
set its own standards for vehicle emissions. The law
also allowed other states to use either the national
standards, or they could opt for California’s stricter
standards; they could not create a third set of standards.
Two states (New York and Massachusetts) have already
done so, with Zero Emission Vehicle requirements
going into effect in 1999, and 10 other states plus the
District of Columbia (the Northeast Ozone Transport
Committee) were awaiting approval (as of this writing)
from the U.S. EPA to follow California’s lead.

In September 1990, regulators at ARB adopted
vehicle and fuels requirements, as well as a “reactivity
protocol” for various clean fuels. It also took the
unprecedented step of requiring a phase-in of even
stricter emissions standards in California, including the
first-ever provision for Zero Emission Vehicles (ZEVs).
The Board set four levels of low-emission vehicles:
Transitional Low Emission Vehicles, Low Emission
Vehicles, Ultra-Low Emission Vehicles and Zero
Emission Vehicles. The percentages of progressively
cleaner vehicles were to be increased and phased-in
over a ten-year period. The emissions levels could be
reached by changes in fuel (either to reformulated or
alternative — the regulation was fuel neutral) or in the

vehicle itself (such as better catalytic converters ).

ARB’s Low Emission Vehicle Regulations subjected
all auto manufacturers to the more stringent LEV
standard. Small-volume manufacturers (those selling
less than 3,000 vehicles a year) are subject to a delayed
timetable until the year 2000 to meet the LEV
standards. For the ZEV mandate, those that sell 35,000
or more cars a year in California (Chrysler, Ford,
General Motors, Honda, Mazda, Nissan and Toyota),
were requires to offer ZEVs for sale in 1998. Those
selling less than 35,000 vehicles had until 2003 to
comply; and those selling less than 3,000 vehicles were
exempt. The only vehicles that currently qualify as
ZEVs are electric vehicles.

The regulation was upheld by ARB in May 1994,
when the Board reaffirmed its time table for
implementation and noted that technical advances
were on track.

In December 1995, however, ARB Chairman John
Dunlop 111 directed agency staff to draft a new propsal
to change the timetable for ZEVs. On March 28, 1996,
the board members adopted this new timetable.

ARB essentially scraped the phase-in requirements
from the 1998 model year through the year 2003.
Instead, auto companies could voluntarily sell 